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1. Abstract 

Forensic DNA Analysis currently uses the 3130xl Genetic Analysers (Life 

Technologies, Applied Biosystems, Foster City, CA, US) for capillary electrophoresis 

analysis of casework samples amplified with PowerPlex®21.  The 3130xl instruments 

have been superseded by the 3500 Series Genetic Analyser.  Forensic DNA Analysis 

has two 3500xL Genetic Analysers, which have been successfully validated for the 

analysis of reference samples amplified with PowerPlex®21 both for extracted 

reference[1] and direct amplification[2]. 

 

A validation of the 3500xL for the analysis of PowerPlex®21 for casework samples was 

conducted previously in 2015[3].  Saturation and mixture studies were not completed 

during this validation due to the quality of the mixture samples due to poor spectral 

separation for PowerPlex®21 produced on the 3500xL. The results from this validation 

show the 3500xL Genetic Analyzer instruments are unsuitable to use for the analysis of 

extracted casework samples amplified using PowerPlex®21 at this time.  Although the 

mixture studies resulted in this validation not being accepted, other results from this 

project were accepted for possible future implementation should the spectral 

separation be resolved.  This validation was conducted using the CC5 PowerPlex®21 

internal lane standard (ILS). 

 

Promega (PowerPlex®21 manufacturers) have advised that they have modified the 

PowerPlex®21 System, and the current formulation for the system will be replaced by 

the new formulation in June 2016[4].  In the new formulation of the PowerPlex®21 

System the Internal Lane Standard (ILS) and the PowerPlex®5-Dye Matrix standards 

are being modified.  The new ILS has a different dye (WEN) to what is in the current 

ILS (CC5 dye).  Because the dye used for the ILS is being changed, a corresponding 

dye change is being made to the PowerPlex®5-Dye Matrix standards.  The matrix 

standards makeup is also being changed so the 5 matrix dyes will be combined into 

one tube, whereas currently they are provided in 5 separate tubes which are combined 

in-house.   

 

Promega have advised the WEN dye has a stronger emission and has improved 

photostability when compared to CC5.  The WEN ILS has the same fragment sizes and 

dye colour as CC5.  In addition to kit formulation changes, Promega will also provide 

updated panels and bins.  These are required because the new ILS with WEN dye 

migrates different to the ILS with CC5 dye[4].   

 

PowerPlex®21 WEN has been validated and implemented for the following purposes[5]: 

 Casework samples amplified with PowerPlex®21 analysed on the 3130xl 

 FTA reference samples amplified with PowerPlex®21 by direct amplification 

analysed on the 3500xL 
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 Extracted reference sampled amplified with PowerPlex®21 analysed on the 

3500xL. 

 

Following notification from Promega of the changes to the PowerPlex®21 formulation 

an assessment of the 3500xL analysis of casework PowerPlex®21 WEN was 

conducted[6].  Baseline calculations and mixture studies were conducted to determine if 

the formulation change had resolved the spectral separation issues seen in the mixture 

studies in the original casework 3500xL PowerPlex®21 CC5 validation[3].  The 

assessment of the new PowerPlex®21 WEN formulation and dye matrix determined 

that the spectral separation issues have been resolved sufficiently to enable mixture 

interpretation.   

 

This report will collate the results from previous casework 3500xL and PowerPlex®21 

validations into one over-arching validation document a recommend the 

implementation of the 3500xL for the analysis of extracted casework samples, 

amplified with PowerPlex®21 WEN. 
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PowerPlex®21 CC5 3500xL casework validation[3] are valid and can be adopted for 

implementation. 

 

Table 10 shows the number of times stutter was observed, the average stutter ratio, 

standard deviation, and stutter threshold for -2 repeat, -1 repeat and +1 repeat stutter 

for each locus.  

 

For the -2 repeat stutter, thresholds were calculated for 19 out of 20 loci. From these, 

15 out of 20 had lower thresholds, 4 out of 20 had greater thresholds, and 1 out of 20 

had the same thresholds as the current 3130xl thresholds. Due to no observations of -2 

repeat stutter at Penta D stutter thresholds were unable to be calculated.  The -2 

repeat stutter thresholds calculated for the 3500xL are the recommended analysis 

thresholds for implementation as there are no recommended -2 repeat stutter 

thresholds from Promega. 

 

For -1 repeat stutter, where the calculated thresholds are lower than the Promega 

PowerPlex®21 GeneMapper stutter threshold, the Promega PowerPlex®21 

GeneMapper stutter threshold will be implemented as the analysis threshold.  Where 

the calculated stutter threshold is greater than the Promega PowerPlex®21 stutter 

threshold the calculated stutter threshold will be implemented as the analysis threshold. 

For the -1 repeat stutter, 7 out of 20 loci had higher stutter thresholds, 12 had lower 

stutter thresholds and one was the same as the Promega stutter thresholds. 

 

For the +1 repeat stutter, thresholds were calculated for all loci. Of these 17 of the 20 

had lower thresholds, 3 out of 20 had greater thresholds than the current 3130xl 

thresholds. The +1 repeat stutter thresholds calculated for the 3500xL are the 

recommended analysis thresholds for implementation as there are no recommended 

+1 repeat stutter thresholds from Promega.  

 

Table 11 shows the stutter thresholds for -2 repeat, -1 repeat and +1 repeat stutter 

calculated for the 3500xL, the -1 repeat stutter thresholds for PowerPlex®21 from 

Promega and the current thresholds used for the 3130xl. 
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Figure 1 - Average Peak Height Ratios per locus 

Note: error bars represent the mean PHR minus three times standard deviation 

1.1.2 Acceptance Criteria – Allelic Imbalance Threshold 

The ratio of peaks in a heterozygous pair (PHR) is primarily influenced by amplification 

and not capillary electrophoresis and/or the size standard.  Therefore the PHR 

calculated in the PowerPlex®21 CC5 3500xL casework validation[3] is valid and can be 

adopted. 

 

Variation in the AITH between the 3130xl and 3500xL is likely due to amplification 

variation and/or differences in the data sets used, rather than instrument factors.  

Further, as the AITH is a ratio of peak heights in a heterozygous pair, it is not impacted 

by the peak height scale variation between the 3130xl and 3500xL. 

 

The 3500xL AITH for casework samples was calculated as 53%.  The current AITH for 

casework samples on the 3130xl is 45%, which is comparable to the 3500xL threshold 

and therefore the 3500xL passes this experiment. 

 

The AITH for casework samples will be accepted and rounded to 55% for 

implementation purposes. 

 

 

1.4. Homozygote Peak Threshold 

The homozygote threshold (ThHom) is the threshold above which you can be confident 

that a heterozygote locus will not be incorrectly called as a homozygote locus.  The 

ThHom was calculated using equation 9 in Section 5.5 of the casework PowerPlex®21 

3500xL validation[3]. 

 

In the ThHom calculation the AITH and LOR from this report (sections 1.3 and 1.1 

respectively) were used. 
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The Homozygote peak threshold was calculated to be XXX RFU. 

 

 

1.1.3 Acceptance Criteria – Homozygote Peak Threshold 

For casework interpretation, the homozygote peak threshold is used only as a guide 

there are no acceptance criteria for this experiment.  The Homozygote Peak Threshold 

will be accepted as XXX and rounded to XXX for implementation. 

 

 

1.5. Repeatability and Reproducibility 

Repeatability and Reproducibility experiments were performed in the PowerPlex®21 

CC5 3500xL casework validation[3].  Given that the verification of PowerPlex®21 WEN[5] 

has shown that the new PowerPlex®21 WEN formulation accurately sizes DNA 

fragments (as per the CC5 ILS), the results of the repeatability and reproducibility 

experiment in the PowerPlex®21 CC5 3500xL casework validation[3] can be adopted. 

 

Five samples were selected and run in quintuplicate (see Section 5.1.3[3] for plate map 

and sample set). Complete and concordant profiles were obtained from all the samples 

on all runs for repeatability and reproducibility testing on both the 3130xl and 3500xL.  

The peak height data from each run was compared by calculating the percentage 

change and performing a Student’s t-test. 

 

Repeatability is an assessment of the ability of the 3500xL with PowerPlex®21 to 

produce the same results when one sample set is processed a number of times by one 

user, under the same conditions. 

 

Figure 2 shows the results of the repeatability testing on the 3130xl.  The results show 

that the majority of the run to run variation of peak heights range from 6% to -22%.  

Two samples showed a significant difference (p = 0.0036 and 0.0419) in peak heights 

between run 1 and run 2.  Peak heights on run 1 were higher than run 2 which may be 

due to run to run variation.  For all other samples there was no significant difference (p 

≥ 0.05) in peak heights between run 1 and 2. 
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Figure 2 - 3130xl CW Repeatability 

 

 

Figure 3 shows the results of the repeatability testing on the 3500xL. The results show 

the majority of the run to run variation of peak heights range from -3% to -18%. For all 

samples, there were no significant differences (p ≥ 0.05) in peak heights between run 1 

and 2. 
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Figure 3 - 3500xL CW Repeatability 
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Reproducibility is an assessment of the ability of the 3500xL with PowerPlex®21 to 

produce the same results when one sample set is processed by different operators 

under different conditions. 

 

Figure 4 shows the results of the reproducibility testing on the 3130xl. The results show 

that the majority of the run to run variation of peak heights range from 0% to -30%. Five 

samples showed a significant difference (p = 0.0484, 0.0090, 0.0153, 0.0054 and 

0.0031) in peak heights between run 1 and run 2. Peak heights on run 1 were higher 

than run 2 which may be due to run to run variation. For all other samples there was no 

significant difference (p ≥ 0.05) between run 1 and 2. 
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Figure 4 - 3130xl CW Reproducibility 

 

Figure 5 shows the results of the first reproducibility test on the 3500xL. The results 

show the majority of the run to run variation of peak heights range from -24% to -50%. 

All samples showed there was significant difference (p ≥ 0.05) in peak heights between 

run 1 and run 2. Peak heights on run 1 were higher than run 2.  Between run 1 and run 

2 a new pouch of POP4 polymer (same lot number) was loaded to the 3500xL at the 

beginning of day 2. An electrical discharge error also occurred prior to the processing 

of run 2. The process was aborted and re-started. The electrical discharge error is 

usually due to bubbles in the tubing containing the polymer. This could explain the 

variation between run 1 and run 2. Due to this the reproducibility was repeated. The 

samples used for the original reproducibility plates were consumed and new samples 

were selected. Figure 6 shows the results of the repeated reproducibility. The results 

show the majority of the run to run variation of peak heights range from 1% to -38%. 

Nine samples showed there was a significant difference (p ≥ 0.05) and 16 samples 

showed there was no significant difference (p ≤ 0.05) in peak heights between run 1 
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and run 2. For the samples that showed a significant difference the peak heights on run 

1 were higher than run 2.  
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Figure 5 - 3500xL CW Reproducibility 
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Figure 6 - 3500xL CW Reproducibility repeat 
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1.1.4 Acceptance Criteria – Repeatability and Reproducibility 

 

All allele designations for samples on the repeatability and reproducibility plates were 

completely concordant. 

 

Repeatability – the 3500xL showed no significant difference in peak height between 

runs.  Whereas the 3130xl showed 2 samples were significantly different in peak height 

between runs.   

 

Reproducibility – the 3500xL showed 9 samples with a significant different in peak 

height between runs.  Whereas the 3130xl showed 5 samples were significantly 

different. 

 

Based on these results the 3500xL performed slightly better than the 3130xl in terms of 

repeatability and slightly worse in terms of reproducibility. 

 

 

 

All allele designations for samples on the repeatability and reproducibility plates were 

completely concordant.  

Repeatability – the 3500xL showed no significant difference in peak height between 

runs. Whereas the 3130xl showed 2 samples were significantly different in peak height 

between runs.  

Reproducibility – the 3500xL showed 9 samples having a significant difference in peak 

height between runs. Whereas the 3130xl showed 5 samples were significantly 

different. 

Based on these results, the 3500xL performed better than the 3130xl in terms of 

repeatability, and worse in terms of reproducibility.  Given the results of Section 6.8 

Number of Contributors do not support the implementation of the analysis of casework 

samples amplified with PowerPlex®21, the results of this experiment have not been 

assessed as to whether the 3500xL has passed or failed. 
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